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ABSTRACT
Net shore-drift along the north coast of Clallam County, Washington, 
was determined by using geomorphic and sedimentologic indicators. These 
indicators include changes in bluff morphology, delta plan form, beach 
width and slope, sediment size gradation, direction of stream mouth 
diversion, spit growth, deposition and erosion at drift obstructions, 
identifiable sediment, relict beach ridges, and imbricated beach sediment.
Irregularities in the coastline have caused the shore drift to become 
divided into drift cells, each displaying zones of supply, transportation, 
and accumulation. Drift direction determinations were made through field 
observations of the indicators, supplemented by the study of photographs, 
topographic maps, and literature.
Winds from the west-northwest prevail (are the most frequent) and 
predominate (are the most effective sediment movers) over the Strait of 
Juan De Fuca. The result is a dominant easterly direction of net shore- 
drift in the study area. However, other directions of net shore-drift were 
observed along parts of the Clallam County north coast. These shore drift 
variations occurred in the wave shadow of headlands, vdiere waves are 
refracted around spits and jetties, or vAiere the coastline differs 
significantly from the general trend.
Thirty-two drift cells, ranging from 0.4 km to 31.4 km in length, 
have been identified and their net shore-drift directions determined along 
the 210 km Juan De Fuca coast of Clallam County. Areas of no appreciable 
net shore-drift were found over 43.5 km of the study area. This condition 
exists because of artificial modification of the coastline, the wave 
energy is too low, or deep water offshore impedes the shore drift.
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INTPDDUCTION
As a result of the U.S. Coastal Zone Management Act of 1972, the 
Washington State Department of Ecology began a series of studies of the 
marine coast of Washington. In 1977, the Washington State D.O.E. published 
the Coastal Zone Atlas of Washington, viiich consists of twelve volumes. 
The net shore-drift of Washington's coastal zone is delineated along with 
the biologic, geologic, coastal flooding, slope stability, and land-use 
information in the atlas. The shore drift investigation consisted solely 
of hindcasting from the available wind data and the application of 
empirical formulae to that data.
About this time, a group of graduate students fran Western Washington 
University , working under the supervision of Dr. M.L. Schwartz, began 
studying the net shore-drift along the marine coast of Washington. Ralph 
Keuler completed the first net shore-drift study under Dr. Schwartz in 
1979. Keuler (1979) studied the coastal processes and coastal zone 
geomorphology of Skagit County, Washington. During the study, Schwartz and 
Keuler began to recognize long-term geotrarphic indicators of net shore- 
drift. These indicators were found to be more reliable in indicating the 
net shore-drift of a particular coastal stretch than the hindcasting of 
wind data and the application of empirical formulae. In 1980, as an 
employee of the U.S. Geological Survey, Keuler used the geomorphic 
indicators in a study of the net shore-drift of Island and San Juan 
Counties, Washington.
Also in 1980, another W.W.U. graduate student, Edmund Jacobsen 
(1980), began to refine the geomorphic indicators vAiile studying the net 
shore-drift of Whatcom County, Washington. Inspired by their findings and
1
the results of others (e.g. Sunamura and Horikawa, 1972; Hunter et al, 
1979), Jacobsen and Schwartz published an article in the October 1981 
issue of Shore and Beach entitled "The Use of Geomorphic Indicators to 
Determine the Direction of Net Shore-Drift".
Recognizing the need to update the coastal zone atlas, the Washington 
State D.O.E. began issuing grants, individually, to a succession of W.W.U. 
graduate students. In 1982, Michael Clirzastowski studied the net shore- 
drift of King County, Washington, using the geomorphic indicators as 
presented by Jacobsen and Schwartz (1981). Chrzastowski's study was 
succeeded by net shore-drift studies of: Dana G. Blankenship, Mason 
County, Washington (1983); D.M. Hatfield, Thurston County, Washington 
(1983); Brad D. Harp, Pierce County, Washington (1983); Bruce Taggart, 
Kitsap County, Washington (1984); Hiram Bronson III, Pacific and Grays 
Harbor Counties, Washington, in 1985; and, James Mahala, the Pacific Coast 
of Jefferson and Clallam Counties, Washington (1985), (Schwartz et al, 
1985).
This net shore-drift study of the Juan De Fuca Coast of Clallam 
County, Washington, vAiich began with field work in August 1985, is the 
culmination of the shore drift studies by W.W.U. graduate students (funded 
by the Washington State Department of Ecology) that emphasize the 
geartorphic indicators as discussed by Jacobsen and Schwartz (1981) .
2
RBGICNAL SETTING
Geography
Clallam County is the northernmost county on the Olympic Peninsula of 
Washington State. It consists of 4540 square kilometers of v^ich less than 
120 square kilometers is used for agriculture. It is bounded on the south 
and east by Jefferson County, on the north by the Strait of Juan De Fuca, 
and by the Pacific Ocean on the west (Figure 1).
Topographically, Clallam County is typically rugged terrain 
associated with the Olympic Mountains, except in the eastern coastal zone 
v*iich is dominated by glacial drift and hummocky topography. The highest 
peak is Mt. Carrie at 2132 meters (approximately 10 kilometers northeast 
of Mt. Olympus) in tiie south-central portion of the county. The shortest 
horizontal distance from Mt. Carrie to sea level is almost 27 kilometers, 
thus, Clallam County is an area of high relief.
Mostly wooded and undeveloped, Clallam County is sparsely populated 
with less than eight people per square km. The two exceptions are the 
major population centers of the county: Port Angeles (approximately 17,300 
pop.) and Sequim (approximately 3,100 pop.). The primary industries are 
logging, wood products processing and fishing (U.S. Bureau of the 
Census,1983). Recreation is varied and plentiful as the Olympic Mountains 
and the sea are in close proximity to each other.
The amount of precipitation varies greatly within Clallam County. In 
the western foothills rainforest conditions prevail, with annual 
precipitation of over 250 centimeters and over 330 centimeters near 
Clallam Bay. Conversely, in the Sequim-Dungeness Valley area semi-arid 
conditions are found. In this region less than 50 centimeters annual
3
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FIGURE 1. Regional map of western Washington. Study area 
is along the north shoreline of Clallam County.
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precipitation is typical with less than 40 centimeters occurring 1 year in 
10 (Phillips,1966).
The orography of the Olympic Mountains is responsible for creating 
these varied precipitation conditions. As moisture-laden marine air 
approaches the peninsula fron the west, it is forced to rise over the 
mountains. This leads to condensation and results in precipitation along 
the western and southern slopes and, if the storm is large enough, the 
central interior. By the time the marine air has crossed the mountains, it 
has become less humid. This orographic effect results in an abundance of 
precipitation along the western and southern slopes, and much less 
precipitation (known as the "rainshadow" effect) along the eastern 
(especially northeastern) slopes of the Olympic Mountains.
Climate
The temperate, marine west coast climate of Clallam County is
typical of west coasts in similar latitudes elsewhere in the world. It
can be compared to the climates of northwest Europe and New Zealand. This
type of climate prevails along most of the west coast of North America,
from southwest Alaska to northern California (Critchfield,1983). The mean
o o
monthly temperatures of 17 C for July and 5 C for January display the 
moderate temperature for this latitude.
The Eastern Pacific High (which is proninent from May through 
September) and the Aleutian Low (v^ich prevails fron October through 
March) are the two semi-permanent pressure systems that dominate the 
climate of western Washington (Figure 2). These air masses originate over 
the Pacific Ocean, thus providing a moderating influence on the climate in 
both the summer (dry) and winter (wet) seasons (Phillips, 1966) .
5
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FIGURE 2. Mean atmospheric pressure systems in the 
Northeast Pacific.
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The climate is fiarther moderated by the regional landforms. The 
Olympic Mountains to the south/ the Coast Range of Vancouver Island to the 
north, and the north-south trending Cascade Range to the east frame this 
region. The intensity of the winter storms that assault the open coast 
from the southwest through northwest direction is dampened by the Olympic 
Mountains and Coast Range as these storms move inland. The Cascade Range 
affords protection to western Washington from the cold continental air 
masses typically found over eastern Washington during the winter season 
(Phillips, 1965).
Several different wind directions are experienced within the Strait 
during the approach of a storm front, even though most storms approach the 
region from the southwesterly through westerly directions. As a storm 
front moves landward, the first winds experienced within the Strait are 
easterly to southeasterly. This is caused, in part, by the cyclonic action 
of the air mass, but also by the topography of the Olympic Mountains and 
the Puget Lowland (Harris, 1954). These topographic features cause the 
initial winds to be funneled around the south side of the mountains and 
northward through the trough to finally enter the Strait of Juan De Fuca. 
This air flow, entering the Strait from the east to southeast, then causes 
an influx of air from the north-northeast through the Georgia Strait 
(which lies northeast of Clallam County). These easterly winds can be 
strong (some have been recorded up to 80 knots) but are usually short­
lived and of limited fetch (NOAA,1977). As the low deepens and the warm 
air of the system rises, cold air approaches from the west to northwest 
direction. These winds are of longer duration and greater fetch, thereby 
generating waves within the Strait of Juan De Fuca with a greater 
propensity for transporting coastal sediment.
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During the early spring, the two pressure systems begin the
transition between the stormy, wet winter season and the drier, calm
summer season. As insolation increases in the northern hemisphere, the
East Pacific High moves northward to take its summer position. However,
the Aleutian Low still dominates the region causing unsettled and often
unpredictable weather patterns.
From May through September, the anticyclonic (clockwise) flow of air
around the East Pacific High results in westerly to northwesterly winds.
Additionally, heating of the land mass draws air into the strait bringing
westerly winds. Therefore, westerly winds are the prevailing (most
frequent) and the predominant (most effective) winds through the Strait of
Juan De Fuca.
Geology
Clallam County can be divided geologically into two separate zones:
the southern mountainous zone and the northern coastal zone. The east-west
line of division Joetween the two zones is along the southern limb of the
easterly plunging Clallam syncline. The syncline is composed of Tertiary
rocks and has a north limb that crops out in places along the Juan De Fuca
coast of Clallam County.
The southern mountainous zone consists of two major rock terranes:
the core rocks and the peripheral rocks. The core rocks consist of highly
deformed, sheared, and metamorphosed volcanic and sedimentary rocks (Tabor
and Cady, 1978) with the highest degrees of alteration occurring in the
eastern core. Most of the core rocks are early to middle Tertiary in age,
but a small Jurassic pluton crops out at Point of the Arches along the
Pacific coast.
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The peripheral terrane consists of Tertiary rocks v^ich are highly
faulted and folded, and, on the peninsula as a v^ole, display a horseshoe­
like plan that is open to the west. These rocks range from poorly
indurated mudstone and claystone to moderately indurated sandstone. Highly
indurated rocks of ridge-forming pebble and cobble conglomerate, basalt,
and flow breccia are also present. The units that outcrop along the coast
are shown in Table 1.
The east and west coastal zones are distinct from each other, with
the boundary occurring at Observatory Point. Tertiary rocks of the
peripheral terrane dominate the coastal zone west of Observatory Point,
v^ile glacial drift predominates to the east. Loose to very dense beds of
sand, gravel, and till deposited by glacial ice and meltwater are exposed
almost continuously in high bluffs within the eastern coastal zone.
Tertiary bedrock is well exposed in some outcrops, most of v\iiich are west
of Tongue Point.
The Juan De Fuca trough was scoured by continental ice flowing
westward through Georgia Strait that was joined by piedmont ice from the
Olympic Mountains and the Coast Range of Vancouver Island during the
Fraser and earlier glaciations (Heusser, 1978). Evidence for the extension
of the Cordilleran ice sheet includes the presence of Vashon granitic
boulders along the Pacific coast of the peninsula as far south as the Hoh
River (Heusser, 1960) .
An investigation by Easterbrook (1969) of the glacial stratigraphy in
the extreme northeast corner of the Olyirpic Peninsula (near Point Wilson
and Port Williams) , established the Quaternary units of Table 1. The
glacial units described below are inferred to exist throughout the eastern
coastal zone along the Strait of Juan De Fuca.
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TABLE-1 COASTAL ZONE STRATIGRAPHY
QUATERNARY
HOLOCENE Recent sediments
FRASER GLACIATION
VASHON STALE
OLYMPIA NCN-GLACIAL
INTERVAL
POSSESSION GLACIATION
WHIDBEY INTERGLACIATION
DOUBLE BLUFF GLACIATION
(late Pleistocene)
(late Pleistocene)
UNCONFORMITY
(late Pleistocene)
UNCONFORMITY
(late Pleistocene)
UNCONFORMITY
(late Pleistocene)
UNCONFORMITY
Recessional outwash
Vashon Till
Esperance Sand
Olympia non-glacial
sediments
Possession Drift
Whidbey Formation
Double Bluff Drift
TERTIARY
(early Miocene)
(late Eocene - early Miocene)
(late Eocene)
(Eocene)
Clallam Formation
Twin River Group
Pysht Formation
Makah Formation
Hoko River Formation
Lyre Formation
Crescent Formation
Note: The Tertiary rocks are generally conformable with some local
unconformities. (Sources: Easterbrook, 1966,1968,1976; Snavely et al,
1978)
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Double Bluff Drift is the oldest glacial sediment exposed along the
north coast. Cropping out near sea level in several bluffs on Whidbey
Island and at Point Wilson, it consists of till, glaciomarine drift,
grave1, and sand (Easterbrook,1969).
Non-glacial fluvial, peat, and lacustrine sediments crop out in the
bluffs, but exposures are localized and usually small. These are of the
Whidbey Foimiation of the Whidbey Interglaciation (v^ich overlies the
Double Bluff Drift), and the Olympia non-glacial sediments of the Olympia
non-glacial interval (overlying the Possession Drift), both of vdiich are
present at the east end of the strait.
At its type locality on Whidbey Island (the eastern boundary of the
Strait of Juan De Fuca), the Possession Drift consists of compact till
and glaciomarine drift (Easterbrook,1969) . On the Olyirpic Peninsula near
Pt. Wilson, it lies "on the Whidbey Formation and is overlain in inost
places by the Esperance Sand or Vashon till, or both" (Easterbrook, 1969) .
The Esperance Sand, deposited about 22,000-18,000 years bp, is the
result of meltwaters from the advancing ice of the Vashon Stade. The
sediments are chiefly pebbly sand with crossbedding and some scour-and- 
fill features. The Esperance Sand is well exposed in the bluffs near Port
Angeles.
The youngest glacial sediment along the north coast of Clallam County
was deposited during the Fraser Glaciation. Thinly bedded outwash sand and
gravel of the retreating ice overlie massive lodgement till deposited
during the Vashon Stade.
Glaciomarine drift of the Everson interstade most probably mantles
the topography in places, but its extent is unknown (Easterbrook, personal
communication). The glaciomarine drift was deposited by extensive ice­
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rafting vAiich occurred in the San Juan Islands and the northern Puget
Lowland between 13,000 and 11,000 years bp—the youngest known age of
Vashon drift (Easterbrook, 1986). The hummocky topography of the Sequim-
Dungeness Valley is very similar to the topography and elevations
associated with the glacionarine drift found in the northern Puget
Lowland. Marine conditions began in the Seattle area before 13,500 years
bp but not in Georgia Strait until after 13,000 years bp (Armstrong et al,
1965). The waters flooding through the Juan De Fuca trough probably caused
ice-rafting and glaciomarine deposition within the strait at the same time
as in the northern Puget Lowland.
Wave-cut platforms are common along the western coastal zone of
Clallam County. Remnants of the retreating coast are found as stacks
along the seaward edge of these platforms and tend to have a dissipating
effect upon the waves entering the area. Behind the wave-cut platforms
fomd in the Cape Flattery area, small pocket beaches have formed between
resistant headlands. Conversely, low-tide beaches (exposed only during low
tides), composed of fine-grained sediment, are found throughout the
eastern coastal zone and are commonly associated with a narrow high-tide
beach when fronting the glacial bluffs.
Oceanography
There are three oceanographic parameters that control the amount of
energy available to a beach for the transportation of shore sediment:
wind-generated waves; tides; and bathymetry. Waves are the dominant
parameter of supplying the energy to the beach for sediment transport, but
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their effectiveness is dependent on the water depth as determined by the
tides and bathymetry.
Waves Energy from the wind is transferred to the shore as waves. As the
wind blows across the sea, the water is piled up and the water particles
begin an orbital motion with initial movement being away from the wind and
into the water. Because of the greater density of water relative to air,
the energy within a wave is more concentrated than in the wind
(Mosetti,1982). Once a wave is set in motion, it may travel for thousands
of kilometers, sometimes in spite of a mild contrary wind (Tanner,1982).
Waves that travel without additional wind are called "swells",
viiereas, those that propogate only vdiile tlie wind blows across them are
called "sea waves" (Bird,1976). These two wave phenomena are the most
common found within the strait. However, swells, entering the strait from
the open ocean, are less common. Fetch, the distance that wind blows
across the water unimpeded, is most often the limiting parameter of the
three wind variables (velocity, duration, fetch) responsible for
generating waves within the Strait of Juan De Fuca.
When deep water waves encounter the coast, they begin to shoal and
refract. This causes a decrease in velocity and an increase in height
until the wave eventually breaks. After breaking, the water surges up the
beach as swash. Part of the swash percolates into the beach material and
some returns to the sea across the beach surface as backwash.
A wave shadow occurs v^en the free propagation of a wave is
obstructed by an object in its path. The blocking object may he a seaward
projecting prcsnontory, a jetty, a breakwater, an island, or a sea stack.
When a wave encounters an obstacle, it may reflect (if the encounter is in
deep water), refract, and/or diffract fron and around the object. This
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causes the wave energy to be greatly diminished, and the coast behind the
object is, then, protected from the approaching waves. Most often, an
obstacle causes a shadow only from waves approaching from certain
directions. The breakwater in Neah Bay, for example, affords protection to
the bay from the predominant northwesterly waves. This has allowed the
prevailing waves from the east to predominate within the bay, south of the
breakwater (see Drift Cells 1 & 2). The waves that strike the north side
of the breakwater frequently have heights that are three-to-four times as
great as the waves observed along the south side (Downing,1983).
The fact that waves are the dominant erosive agent along a coast is
widely accepted (Tricker,1964; Bird,1976; Phipps and Smith,1978;
Bascom,1980; Terich and Schwartz,1981; Brenninkmeyer,1982; May,1982;
Mosetti,1982). Waves transport sediment through traction and suspension.
The mechanisms by vrtiich a wave causes sediment suspension range from
bottom turbulence during shoaling and air entrainment vdiile breaking to
the meeting of backwash with incoming surge. Once suspended, the sediment
is transported by the next waves en suite.
The most destructive waves that occur within the strait have a short
wavelength with a large amplitude. These sea waves are generated during
the passing of a stoimi front and can impact the beach with much erosive
power. In fact, the majority of cliff erosion and sediment transport
within the strait occurs v^^en these high sea waves are coincident with
spring high tides (see Tides below). At Port Angeles, these waves approach
from the west-northwest and have a significant wave height of 3.6 meters
with a period of 8.8 seconds (U.S. Army Corps of Engineers,1973).
The most constructive waves that occur within the strait are the
swells that arrive from the open ocean. Because of their low wave
steepness (the ratio of wave height to wavelength), they gently surge up
14
the foreshore pushing the sand up the beach as they arrive.
Tides The astronomical alignment of the earth-moon-sun system is of
major importance in the character of the tides (Wood,1982). When the sun
and moon are aligned with each other relative to the earth, known as
syzygy, their gravitational forces are combined, resulting in a maximum
tidal range. Syzygy occurs during the moon's new and full phases and
generates tides that are called " spring tides". During the moon's first
and last quarter phases the moon is in quadrature and generates tides
known as "neap tides". The tides have a minimal range during quadrature
o
because the moon's gravitational force upon the earth is acting at 90 to
the sun's attractive force. Spring and neap tides are cyclic and occur
nearly twice each month because the moon's orbital period about the earth
is 27.5 days.
The Strait of Juan De Fuca, like much of the West Coast, experiences
semi-diurnal mixed tides. The tidal fluctuations that occur twice daily,
two highs and two lows, are of differing magnitude. The diurnal inequality
is the resultant of the declination of the sun and moon relative to the
earth, with changes in the declination causing changes in the diurnal
inequality.
Coasts that experience a large tidal range usually have a broad
foreshore (Bird,1976), because large tidal fluctuations cause the waves to
impart their energy across the wide expanse of the foreshore. Conversely,
vAien the tidal range is small, the waves expend their energy over a narrow
range of the shore resulting in a greater degree of bluff erosion and
sediment transport (Rosen,1977).
The Strait of Juan De Fuca has a mesotidal range of two-to-four
meters (Table 2), thereby facilitating the development of wave-cut
15
platforms and wide, low-tide beaches (Davies,1980).
TABLE-2 TIDES ALOSIG THE NORTH COAST OF CLALLAM COUNTY
MEAN MONTHLY EXTREME MONTHLY
High Range MHHW
Tatoosh Island 2.66m 3.34m 2.39m
Neah Bay 2.63 3.31 2.36
Clallam Bay 2.54 3.22 2.27
Crescent Bay 2.41 3.09 2.14
Port Angeles 2.44 3.12 2.17
Dungeness
Sequim Bay
2.57 3.25 2.30
Entrance 2.66m 3.34m 2.39m
Note: Data is from unpublished records of the Army Corps of Engineers for
Port Townsend,1985. Measurements were corrected as prescribed by A.C.E.
for the areas given.
Bathymetry In many discussions of net shore-drift, the importance of
bathymetry is neglected. But proper water depth is vital to the movement
of shore sediment. If the water is too deep or too shallow, there will not
be sufficient energy for transportation.
The sea floor topography of the Strait of Juan De Fuca reflects its
glacial history with a broad, flat bottom and steep sides. But recent
erosion has crenulated the shoreline with shallow embayments giving the
16
coast a varied bathymetry.
The rate at vdiich the water shoals relative to an approaching wave
greatly influences the wave's ability to transport sediment. If the
bathymetry is gently sloping, the wave will shoal and break well offshore
and, if the water is too shallow, will be drained of its sediment
transporting energy by the time it reaches the shore. However, if the
bathymetry is steep, the wave won't shoal and break until much closer to
shore allowing the wave to expend its energy on the beach. But, if the
water is too deep, then the wave will neither shoal nor refract but,
instead, will reflect off the shoreface thereby returning its energy to
the sea. This phenomenon will occur vdiere a breakwater, promontory, sea
cliff, or other obstruction, projects into deep water.
PRINCIPIiES OF SHORE DRIFT
Shore drift is the conbination of two shore sediment transportation
processes; beach drift and longshore drift. Acting in tandem, these
processes, either directly or indirectly, impart geomorphic and
sedimentologic characteristics upon the coast that are indicative of long­
term net sediment transport. These characteristics can be used to build a
body of facts depicting the net shore-drift for any coastal stretch.
When waves obliquely approach the beach, they often refract
incompletely leaving a longshore vector of momentum. The swash, the surge
of water up the beach face caused when a wave breaks, utilizes this
momentum and affects translation of the sediment up and along the beach.
The return flow, known as backwash, moves the sediment downslope toward
the sea to await the next swash. This zig-zag method of sediirent movement
is beach drift. Material in the breaker zone is subject to movement by the
longshore current. This current runs parallel to the coast and develops
when the obliquely approaching wave front deflects the nearshore water
circulation in one direction (Bird,1976). This method of transporting
sediment parallel to the shore is longshore drift (Figure 3).
The approach direction of prevailing wind-waves may change daily and
seasonally, causing temporary reversals in the shore drift direction. The
result is a back and forth motion of the sediment as observed over a
period of time. Along a coastal stretch, this varying direction of
transport may be balanced so that there is no net direction of sediment
movement. When a general direction of wave approach predominates along a
coastal sector over the long-term, a net direction of transport prevails.
This dominant shore drift direction is the net shore-drift. The direction
of net shore-drift may vary from one coastal segment to the next. Bights,
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embayments, and promontories can cause the shore drift to become
compartmentalized into units tejnned drift cells. A drift cell may vary
fron less than a kilometer to tens of kilometers in length.
Each drift cell has three generalized zones: a zone of sediment
supply (the origin); a zone of transport; and a zone of sediment
accumulation (the terminus). Sediment is supplied to the beach either by
bluff erosion or by streams. This supply zone is usually the zone of
greatest wave energy. Occasionally, there may be more than one zone of
supply in a drift cell because of a Icindslide or a stream in the middle of
the cell. The zone of transport is v^iere the wave energy is sufficient to
move the sediment supplied to the cell. Through this zone, material is
transferred from the zone of supply to the zone of accumulation. If
multiple zones of supply are present, there will be multiple zones of
transport as well. The zone of accumulation is the final area of
deposition for sediment transported through the cell. The waves entering
this zone have lost sufficient energy for transport of material, thus, no
further drifting occurs. A drift cell can only have one accumulation zone,
however, regardless of the number of supply and transport zones. For a
relative sense of direction, the zone of supply is said to be updrift from
the zone of transport v\^ile the accumulation zone is downdrift. In terms
of these zones, the net shore-drift direction will be from the zone of
sediment supply to the zone of accumulation.
Two additional zones that will be mentioned later in the text are
convergence and divergence zones. These are terms used to describe the
boxandary between two adjacent drift cells of opposing net shore-drift. A
convergence zone is v^ere the two cells have a common zone of
accumulation; and a zone of divergence is found v^iere two cells depart
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from a conmon, broad zone of sediment supply (most often an area of bluff
erosion rather than a stream mouth). All of the zones mentioned above
occur over broad areas, not at specific points, and may shift, at times,
in response to seasonal variations in local wave approach.
Sane areas of no appreciable net shore-drift (NANSD) are the result
of inoperative shore drift processes. Such areas may be observed v\here the
wave energy is extremely low, as in an intertidal flat; vvAiere coastal
outcrops of bedrock project into deep water; or v\here man has
artificially modified the coast. Other NANSD areas occur in pocket
beaches; vhere the seasonal changes in sediment transport direction are
balanced so that no net direction of shore drift occurs over the long­
term.
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Swash Backwash
FIGURE 3. Schematic diagram illustrating the shore-drift
processes.
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SHORE
DRIFT
A
FIELD METHODS
Field observations of geonorphic and sedimentologic features
indicative of long-term transport trends were utilized during this study.
These features, termed net shore-drift indicators by Jacobsen and Schwartz
(1981), and their significance are discussed in the ensuing text.
There are two general categories of net shore-drift indicators:
whole-cell and site-specific. The observation of any one of these
indicators does not in itself display the net shore-drift direction.
Rather, a list of observed indicators within a cell is compiled so as to
build a case of facts depicting the net shore-drift direction.
Whole-cell indicators
This category of net shore-drift indicators is one v^ich requires
observation throughout the entire drift cell. The general trend of these
indicators within the cell should be noted.
BEACH SLOPE--- The slope of a beach will increase fran the drift cell
origin to the terminus on an accreting beach within the Strait of Juan De
Fuca because of the continual addition of sediment. The beach material is
deposited in a manner so as to resemble a wedge that thickens toward the
cell terminus. As more sediment is transported to the terminus, it is laid
down in successive wedges over the resident beach material.
Local variations in the beach slope are not uncommon. They may result
from a sudden influx of material to the beach, as in landsliding, or from
changes in the sediment volume, as v*ien encountering sand waves. This
problem of slope variation can best be minimized by profiling the beach at
specific intervals throughout the cell, thereby obtaining a beach slope
trend.
BEACH WIDTH--- The beach within a drift cell tends to widen in a downdrift
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direction as sediment is gradually deposited at the terminus. Development
of a berm frequently acccxipanies the widening of a beach along the Strait
of Juan De Fuca. Erosion at the drift cell origin inhibits the development
of a beach v^ile sediment accumulation at the cell terminus causes a
seaward progradation of the foreshore, and a widening of the backshore.
At times, the increasing beach width is very gradual and is not
easily noticed v^ile walking the beach. Measuring the beach width at
specific intervals or studying aerial photographs can assist the
investigator in recognizing this indicator.
BLUFF MORPHOLOGY--- The declivity of the bluff slope and the degree of
bluff erosion decrease v^ile the amount of vegetative cover increases in
the direction of net shore-drift. The bluff is steep and bare, showing
evidence of strong wave-induced erosion (Emery and Kuhn, 1982) at the
drift cell origin. As the terminus is approached, the slope becomes less
steep and more vegetated. At the terminus , the bluff is generally
protected by an accumulating beach at its base allowing the bluff to
become well-vegetated with a gentle slope.
This indicator is most often reliable, but complications do occur.
The bluff morphology sequence may be repeated midway through the drift
cell because of an intervening eroding headland or a significant change in
the coastline orientation.
SEDIMENT SIZE GRADATION--- The size of the beach sediment decreases in the
direction of net shore-drift (Figure 4). The caliber of the drifting
material decreases downdrift as a result of decreasing canpetence of the
shore drift processes. A drift cell showing sediment size gradation may,
for example, be composed of boulders and cobbles with some pebbles and
sand at the origin, grading to a beach with cobbles, pebbles and sand and.
23
FIGURE 4.
a)
b)
c)
A series of photographs displaying mean sediment
grain size dimunition (in Drift Cell 21):
Primarily pebbles near the cell origin;
Mixed sand and pebbles midway through the cell;
Primarily sand near the terminus of the drift
cell. Lens cap is approximately 5 cm in diameter.
24
finally, to a beach composed primarily of pebbles and sand at the
terminus. Sometimes, it's not the range of sediment sizes that decreases
downdrift but, rather, the ratio of coarse to fine sediment that is found
to decrease in the direction of net shore-drift.
Care should be taken v^en using this indicator as the gradation of
sediment size can be interrupted by the introduction of sediment, as with
landsliding to the beach or in washover fans on a spit. In rarer
incidences, the finer sediment may be transported contrary to the net
shore-drift direction during periods of prevailing winds causing the fines
to temporarily accumulate near the zone of sediment supply (see Drift Cell
7).
Site-specific indicators
These indicators display the net shore-drift direction at a specific
site within the drift cell through their unique geomorphic and
sedimentologic characteristics.
SPIT GROWTH--- Spit growth is one of the most reliable indicators of net
shore-drift (Schwartz,1972). Since spits are depositional landforms that
extend from land into deep water, they rely on a net transport of sediment
for growth. They most often occur at a break in the coastal orientation
(Evans,1942) viiere the drifting sediment is carried offshore by the
predominant waves, but may appear at the convergence of two drift cells in
a cuspate form. A number of spit forms were observed in the study area and
will be detailed in the discussion of the particular drift cell in v^ich
they were found.
Typically, the base of a mature spit (v^iere it is attached to the
land) is narrow with coarser material because of the higher wave energy.
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vAiile t±ie terminus (the tip of the spit) has finer sediment and, often, a
wider plan form (Evans, 1942). Some material brought to the terminus is
deposited just offshore producing a submarine platform. The spit is then
built across the platform allowing the spit to grow in the direction of
net shore-drift (Meistrell, 1972).
STREAM-MOUTH DIVERSION--- The mouth of a stream will become diverted in
the direction of net shore-drift if sediment is brought to the updrift
side of the stream faster than the stream can carry it away. The result is
a spit-like landform that progrades downdrift; sometimes, up to several
kilometers. If the stream discharge is exceptionally low, the stream mouth
may become closed.
This is generally a very reliable indicator, but problems with
interpretation may arise. If the stream discharge is suddenly increased,
the diverting landform may become breached with the stream mouth appearing
some distance updrift fron the offset mouth position, leaving a landform
that appears to extend in a direction contrary to the net shore-drift
direction (see Drift Cell 7). Also, small streams often don't react
ideally with respect to this indicator. Because of their lower discharge
levels, they are more easily influenced by seasonal variations in shore
drift than the larger streams.
OBJECT INTERRUPTIC^ OF SHORE DRIFT--- Any large, stable object situated
roughly normal to the shore will impede the drifting of sediment along the
beach (Figure 5). This impediment results in accumulation of sediment on
the updrift side of the obstruction and erosion on the downdrift side.
The effects upon the beach are such that the updrift side is widened and
heightened v^iereas, the downdrift side is narrowed and lowered.
Common natural obstacles found along the Strait of Juan De Fuca were:
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FIGURE 5. Driftwood obstructs the movement of sediment
(from right to left in photo).
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large boulders and drift logs (Terich and Milne, 1977); fallen trees still
seciared to the land by their roots; and small headlands. Some common man­
made obstacles found in the study area were: groins, boat ramps,
bulkheads, jetties, piers, and industrial structures.
IDENTIFIABLE SEDIMENT--- The direction that a unique beach sediment has
drifted from its known point source may be the direction of net shore- 
drift, depending on the duration of drifting and the caliber of the
sediment. If the sediment has been subjected to beach processes for
several years, for instance, or is of sufficient mass to be transported
only by the more competent waves, it will be found prevalently downdrift
from its source area and will depict the net shore-drift direction. Some
rock fragments and natural minerals, bricks, concrete, tires and culvert
pipe fragments are easily identifiable among the natural beach material of
Clallam County and make good indicators of net shore-drift direction,
tlieir source can be found.
PLAN SHAPE OF DELTAS--- The plan shape of a delta projecting into the
transport zone of a drift cell will display the direction of net shore- 
drift. Depending on the sediment budget, a delta influenced by shore drift
will take on one of two general plan forms.
In areas of anple sediment supply, the delta will partially obstruct
the transport of material causing accumulation on the updrift side. The
plan form that results will be an asymmetric lobe askew in the updrift
direction. Additionally, the distributaries of the stream may become
diverted in the direction of net shore-drift.
In areas of low or no sediment supply, or v^iere the stream is the
main source of sediment within the drift cell, the plan form will be the
28
opposite of that previously mentioned. The asymmetric lobe will be askew
in the downdrift direction. Also, the distributaries may be offset in the
updrift direction. The reasons for this latter plan shape are as follows:
1) Since little or no sediment is brought to the delta, there is no
sediment drift to obstruct and, thus, no accumulation on the updrift side
of the delta; 2) Since the shore drift processes are operative, they
preferentially transport the sediment downdrift causing a progradation of
the delta in the direction of net shore-drift; 3) Because the stream
sediment accumulates on the downdrift side of the distributaries faster
than the stream can remove it, the distributaries becone offset in the
updrift direction.
Delta plan is a reliable indicator of net shore-drift direction, but
the investigator must take care in determining the sediment-budget
environment of the area so the correct interpretation can be made.
REIjICT beach ridges--- These ridges are accreted forms of the past and are
evidence of a prograding beach (Snead, 1982). Sediment supply is
sufficient to cause relatively rapid widening and heightening of the beach
at the depositional end of the drift cell. This rapid accumulation of
material effectively causes the canmon storm limit to migrate seaward,
thus building a new beach ridge slightly seaward of the last. On a
prograding beach, the oldest ridge of a set of ridges will be the farthest
inland with the youngest of the set being the most seaward. In addition,
vegetative colonization of the ridges will decrease, while ridge form
definition will increase, in a seaward direction.
BEACH SEDIMENT IMBRICATION--- Imbrication of beach sediment displays the
direction of net shore-drift in the same manner that stream gravel
imbrication displays the transport direction within the stream. But,
because the beach sediment is subject to transport in two directions, only
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the coarser material moved by the predominant waves will depict the
direction of net shore-drift (Figure 6).
Quite often, the coarsest material will be piled along the back of
the foreshore as evidence of the last major storm in the area. The coarse,
flat cobbles and boulders in these ridges will usually be found to be
imbricated such that the longest axis is oriented nearly parallel to the
shore with the updrift side of the sediment dipping down into the beach.
This is a very reliable indicator, especially vhere the absence of
finer sediment permits the unobstructed investigation of the coarser beach
material and when the material is of sufficient caliber to be moved only
during events of high wave energy. The investigated sediment should have a
sufficient degree of flatness to insure a reliable interpretation of the
imbrication. This indicator was most often observed in or near the zone of
sediment supply.
In addition to the direct field observation of the aforementioned
indicators, aerial photographs and topographic maps were used to help
determine in which direction a beach widened or a bluff slope decreased.
The grain size observations were made v\^olly within the field. Beach
sediment was compared to a standardized grain size chart to determine the
caliber of the grains. The proportions of the sizes present were
approximated by volume while in the field.
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FIGURE 6. Imbrication of beach cobble depicting the net
shore-drift (to the upper right in photo). Map
case dimensions are 35 cm x 23 cm x 2 cm.
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PREFACE TO NET SHORE-DRIFT DISCUSSION
Net shore-drift direction was determined by using the principles and
methods previously described. Location, boundaries, and direction of net
shore-drift are illustrated on the map in the map pocket.. The drift cells
are numbered consecutively, beginning with number one in the west and
increasing in number to the east.
Descriptions of the drift cells follow this preface and include the
whole-cell and site-specific indicators used to determine the net shore- 
drift direction. Selected geomorphic features and geographic locations,
and areas of no appreciable net shore-drift are also presented. A beach
profile with nomenclature has been provided (Figure 8) to help the reader
better envisage the physiography across the shore. Also, the map should be
consulted v^ile reading the net shore-drift discussion.
The terms bluff and cliff are used to denote a difference in
consolidation of the material of which the particular escarpments are
conposed (Schwartz, 1986). The term bluff is used if the escarpment is
composed of unconsolidated or semi-consolidated earth material. If the
coastal escarpment consists of consolidated material (bedrock), then the
term cliff is used. These terms are not meant to infer any other
characteristic of the subject escarpment. Cliff morphology, however, is
similar to bluff morphology (as described under Field Methods).
Additional considerations are: the map shows only the long-term
direction of net shore-drift as of April, 1986, and does not reflect
short-term reversals, or any subsequent modification of the coastline
v^ich could alter the cell laoundaries, characteristics, and/or net shore- 
drift direction; sediment supplied to the drift cell can be detained in
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FIGURE 7. Diagrammatic beach cross-section with major
geomorphic features.
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an area other than the zone of accumulation and may not necessarily reach
the cell terminus; drift cell boundaries are often broad, dynamic zones
that may shift in response to changes in the wave approach; and, sediment
volume and drift-rate quantification was not an objective of this study.
NET SHORE-DRIFT DlSCUSSIOa
West of Koitlah Point to Slant Rock, the most westerly extent of this
investigation, the coast is characterized by wave-cut platforms with
offshore sea stacks and is crenulated with pocket beaches between well
indurated conglomerate and sandstone headlands. Because the coastline
orientation of these beaches is normal to the greatest fetch direction,
offshore stacks dissipate the wave energy, and the headlands project into
deep water, this area has no appreciable net shore-drift.
Drift Cell _1 This drift cell originates at a pebble and cobble
conglomerate cliff behind a wave-cut platform at the south side of Koitlah
Point and terminates at the breakwater 0.6 km northwest of the village of
Neah Bay. Net shore-drift to the southeast is indicated by an increase in
cliff vegetation and beach width to the southeast. There is also a
decrease in grain size to the southeast; beginning with a thin mantle of
coarse gravel and cobble lag deposits at the origin and culminating with a
relatively large accumulation of medium-to-fine sand at the breakwater.
Sediment in this cell is supplied by wave induced erosion of the 50
meter high cliffs of the Makah Formation, abrasion of the wave-cut
platform, and a small stream 0.3 km north of the breakwater.
Drift Cell 2_ This drift cell begins on the west side of the 20 meter
high sandstone cliff of Baada Point and terminates at the breakwater in
Neah Bay. The westerly net shore-drift of sediment through Neah Bay is
indicated by the accumulation of sediment on the east side of groins and
erosion on the west side. Increasing beach width to the west, with
accumulation of medium-to-fine sand on the south side of the breakwater to
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Waadah Island, is further indication of this westerly transport direction.
(Because of the changing attitude of the Neah Bay coastline, the actual
drift direction varies from southwesterly at the east end of the bay to
northwesterly at the west end of the bay, with the overall net shore-drift
being in a westerly direction.)
The breakwater that joins Waadah Island to the mainland protects Neah
Bay from the predominant waves approaching from the northwest. Therefore,
waves refracting around the island-jetty structure, or approaching from
the east, are the waves v^ich transport the sediment in Neah Bay and,
thus, a reversal in expected net shore-drift direction is observed.
The sediment is derived chiefly by erosion of the Neah Bay shore,
^\hich is composed primarily of coarse-to-fine sand deposited v^ien the sea
was at a higher level than present. The local villagers mine the upland
sand and place it along the beach face to protect the shore from erosion,
thus adding to the sediment available for transport.
Waadah Island was not investigated because access to it was not
granted by the Makah Indian tribal council as the island is used for
ceremonial purposes.
Drift Cell 2 km-long drift cell originates at a 40 meter
high sandstone and mudstone cliff 0.4 km west of Bullman Creek, v^ere the
coastline abruptly changes from a northeasterly facing orientation to a
northerly facing orientation. It terminates in an accumulation beach at a
sandstone and siltstone point 0.4 km east of the creek vhere the coastline
regains its northeasterly facing orientation.
Indicating the easterly net shore-drift are the approximately 100
meter easterly diversion of the creek mouth, the dimunition of active
cliff erosion to the east, and an increase in beach width near the
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terminus of the drift cell. Imbrication of flat cobble along the upper
foreshore further indicates the easterly transport direction by dipping
westward, in the updrift direction. Bullman Creek and the erosion of the
sandstone and mudstone cliffs are the primary sources of sediment in this
drift cell.
There is no appreciable net shore-drift between Baada Point and drift
cell 3 because of the impediment to the sediment by deep water offshore,
and the dissipation of wave energy by offshore rocks.
Drift Cell ^ Originating at a 30 m-high sandstone, siltstone and
mudstone cliff about 200 meters west of Rasmussen Creek, this cell
terminates in a prograding beach at the eastern extreme of Chito Beach,
and displays a southeasterly net shore-drift.
The net shore-drift through this cell is indicated by a dimunition
of grain size, from boulders and cobbles at the origin to gravel and sand
at the terminus. Further indicating this southeasterly drift is the
presence of large logs and groins with deposition occurring on the
northwest side of the obstacles and erosion on the southeast side.
An increase in beach width and height to the southeast, changing
cliff morphology in a downdrift direction, and the development of a broad
backshore near the terminus are other indicators of the southeasterly net
shore-drift. These indicators are only prominent in the Chito Beach
vicinity. The final 100 meters of upper foreshore at the terminus is
presently eroding because it has been artificially modified for commercial
purposes.
Also at Chito Beach, a groin made of large boulders is obstructing
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shore drift with deposition ocoorring on the northwest side and erosion
occurring, for nearly 300 meters, on the southeast side. The accumulation
of beach material on the updrift side of the groin has caused the
shoreface on the northwest side to become raised by almost one meter at
the more effective portion of the groin. This is further evidence of the
southeasterly net transport direction.
The drift cell zonal sequence (i.e. zones of sediment supply,
transport, and deposition) is disrupted along the 5.3 km extent of this
cell. Sediment enters the drift sector over a broad area by a number of
small streams and eroding headlands, resulting in the repetition of the
zones of supply and transport and obscuring the v^iole-cell indicators
northwest of Chito Beach. But, also northwest of Chito Beach, there are
two small sandy beaches, within coastal indentations, that are temporary
areas of deposition of sediment transported through the drift cell. The
first is located just east of Rassmussen Creek and the other is about 1 km
northwest of Chito Beach. Each beach shows the development of a backshore
and a wider foreshore at its southeastern end, supporting the case for
southeasterly net shore-drift. These accumulations of sand appear to be
tenporary in nature as the indentations are not large enough (100 and 300
meters, respectively) to permanently detain all the sediment brought to
them, as indicated by the transport of sediment through and beyond these
coastal bights.
Drift Cell ^ Beginning at a 25 m-high headland composed of sandstone
and mudstone rocks from the Makah Formation of the Twin River Group,
located 0.5 km northwest of the Sekiu River, this drift cell has a
southeasterly net shore-drift that terminates at a sandstone and
siltstone prationtory 1.7 km northwest of Sekiu Point.
Indicating the transport direction is the 200 meter eastward
diversion of the Sekiu River mouth, the 800 meter easterly diversion of
the Hoko River mouth, and the accumulation of sediment on the northwest
side of drift logs and large boulders with erosion occurring on the
southeast side. The following whole-cell indicators were observed a number
of times within drift sector 5 because of multiple zones of sediment
supply and transport within the northwestern 4 km of the cell: beach
width, beach slope, and backshore development increased to the southeast;
grain size diminished to the southeast, starting with cobbles and large
pebbles at the origin and ultimately ending with pebbles and sand at the
terminus; and the cliffs showed increasing vegetative colonization with a
decreasing slope to the southeast. The terminus is characterized by a
prograding beach with an approximately 20 m-wide backshore and a well- 
vegetated beach berm.
The 1.7 km of coastline between drift cells 5 and 6 displays no
appreciable net shore-drift. This occurs because the 25 m-high sandstone
and mudstone cliffs of Sekiu Point project into deep water, preventing
shore drift.
Drift Cell ^ Starting beyond the boat docks on the south side of
Sekiu Point, this drift cell ends in an accumulating beach at a small
rip-rap jetty about 20 meters west of the marina at Middle Point.
Indicators of the easterly net shore-drift are as follows: a change
in grain size from gravel and sand near the origin to medium sand at the
terminus; an increase in beach width and slope to the east; and the
deposition of sediment on the west side of drift logs with erosion evident
on the east side.
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No appreciable net shore-drift (NANSD) was found from Middle Point to
400 meters west of the Clallam River, as the marina at Middle Point
obstructs the drifting material and no significant amount of sediment is
generated within the NANSD area.
Drift Cell This cell originates on the southeast side of Middle
Point, about 400 meters south of a marina, along a 15 m-high bluff
coirposed of Quaternary landslide debris (Washington State Department of
Ecology,1976). The lower 5 meters of the bluff has been a:nnored against
wave-induced erosion to protect the state highway built along the shore;
but landsliding, caused by subaerial erosion, still brings sediment to the
beach, periodically. An eroding berm located near the origin and composed
of medium-to-very fine sand, and the Clallam River, are other sources of
sediment in this cell.
The present indicators of net shore-drift toward the east are: a 1.2
km-long spit growing eastward, vdiich nearly encloses a lagoon formed v^en
the river recently (January 1986) abandoned the distal portion of its
channel; the obstruction of sediment transport by drift logs, shewing
accumulation of material on the west side with erosion on the east; and an
eastward increase in t^each slope, loeach height, and backshore development.
(As shown in the map accompanying this text and other regional maps, the
position of the Clallam River mouth is artificially maintained by the
county's engineering department.)
This drift cell terminates in a 4 m-high prograding beach along the
west side of Slip Point. The resistant nature of the thick-bedded
sandstone of the Clallam Formation has caused a 35 meter high cliff to
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develop at Slip Point, v^ich projects into deep water and blocks further
drifting of sediment.
There appears to be an anctnaly in one shore drift indicator within
this cell that caused some difficulty in making a net shore-drift
determination: the mean sediment grain size decreases from pebbles and
granules in the east to sand in the west, persisting through summer and
winter, apparently indicating westward shore drift. But this phenomenon
is, instead, a rare occurrence of an unusual shore drift characteristic
found in only a few other locations in the world; i.e., along the extreme
northwest side of Lummi Island, Washington (Jacobsen,1980), (Jacobsen and
Schwartz,1981) and, in Pitsunda Bay in the Republic of Georgia, U.S.S.R.,
along the east coast of the Black Sea (personal communication, M.L.
Schwartz). The reversal in fine sediment drift takes place because the
prevailing lower energy waves from the northeast transport the fines in a
direction contrary to that of the higher energy waves from the northwest,
vdiich predominate in Clallam Bay and are accountable for the net transport
direction. This reverse transport of tlie finer particles, supplemented
with a source of fine sediment near the drift cell origin, has resulted in
a permanent deposit of medium-to-very fine sand at the west end of the
cell. In contrast, the comparatively large volume of sediment at the
terminus is composed strictly of pebbles and granules with a minor amount
of ve2:y coarse-to-coarse sand.
The 4.5 km-long coastal segment between drift cells 7 & 8 has no
appreciable net shore-drift because the resistant sandstone of the Clallam
Formation extends into deep water and impedes the shore drift.
Drift Cell 8 Cell 8 originates from a zone of divergent drift along
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an 8 m-high diamicton bluff of a gravel, sand, and fine-natrix conposition
(believed by the author to be of a Icindslide origin). The northwesterly
net shore-drift results from the wave shadow (Dingier, 1982) caused by the
projection into deep water of a 40 m-high promontory of massive Clallam
Formation sandstone at the northwest end of the coastline crenulation.
Net shore-drift is indicated by an increase in beach width and slope
to the northwest, a decrease in bluff erosion to the northwest, and the
development of a backshore near the terminus. Additionally, the ratio of
coarse-to-fine sediment decreases to the northwest, starting with
approximately 80% gravel at the origin and terminating with about 60% sand
content. This 1.4 km-long drift cell ends in an accumulating beach at the
base of a 40 m-high outcrop of Clallam Formation sandstone.
Drift Cell ^ The origin of cell 9 is the divergence zone at the 8
meter-high, diamicton bluff that is conmon to drift cell 8. The wave
shadow responsible for the reversed drift direction in drift cell 8 is not
effective southeast of the divergence zone. Therefore, this cell has a
southeasterly net shore-drift.
A decrease in bluff slope, with an increase in beach width and slope
to the southeast, are v^iole-cell indicators of the net transport
direction. The cell terminus is characterized by an accumulating beach,
with a small backshore, along the north side of the 70 m-high, lithic
sandstone cliff of Pillar Point.
The 1.6 km of coastline along the east side of Pillar Point has no
appreciable net shore-drift, as the steeply dipping sandstone that
comprises the point is a sediment impediment because it extends into deep
water.
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Drift Cell 10 Beginning at an eroding colluvial cone at the base of
the 90 m-high, thick-bedded, lithic sandstone cliff along the south side
of Pillar Point, the sediment is transported primarily southeastward
within this cell, approximately 9 km toward a resistant 20 m-high
siltstone and claystone headland situated nearly 2.5 km east of Deep
Creek.
Excepting the relatively wide, 700 m-long southerly-building spit
creating the southward diversion of the Pysht River, this drift cell is
characterized by broad, low-sloping foreshores with very narrow, sometimes
non-existent, high-tide beaches. The low-tide beach between Pillar Point
and the Pysht River can achieve a width of up to 800 meters during spring
low tide; and over 600 meters in the 2 km-long section of coast just west
of Deep Creek. Unlike the area near the cell origin, however, the sector
west of Deep Creek has no permanent high-tide beaches other than those
formed fron deltaic deposits fronting the small local creeks.
Southeasterly net shore-drift is indicated by the southward
progradation of the 700 m-long spit projecting fron the south side of
Pillar Point, the subsequent southward diversion of the Pysht River mouth
by the spit, and recurrences in the southeasterly fining of the sediment
grain size. Temporarily localized deposits on the updrift side of eroding
headlands, or where streams enter the coast, show an increase in beach
width and slope along with the southeasterly fining of the sediment.
Between the localized beach deposits are areas of active cliff erosion and
sediment transport. East of Deep Creek, to the terminus, a permanent high- 
tide beach has developed that widens and heightens to the southeast.
Drift cell 10 terminates in an accumulating beach of medium-to-fine
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sand and pebbles with a well-developed, vegetated berm and a small
backshore along a 20 m-high cliff of claystone and siltstone from the
Pysht Formation of the Twin River Group.
The 3.2 km stretch of coastline immediately east of drift cell 10 has
no appreciable net shore-drift because of the obstruction to drifting
sediment caused by the projection into deep water of the 20 m-high
claystone and siltstone headland at the terminus of cell 10. Also, the
dissipation of the wave energy by numerous nearshore rocks within the
NANSD area has resulted in a low energy wave environment that is not
capable of generating, nor transporting, an appreciable amount of
sediment.
Drift Cell 11 The origin of this cell is east of a solid-construction
pier used to barge upland material to the Seattle area, located about 400
meters west of the West Twin River. Sediment in the 16.7 km-long cell is
derived chiefly by the erosion of the 20 meter high cliffs of Pysht
Formation siltstone and claystone, from the West and East Twin rivers near
the origin, and from the Lyre River and numerous small creeks proximal to
the cell terminus.
The beaches exposed during high tide are discontinuous throughout the
extent of this drift cell, but display the net shore-drift direction by
increasing in width and slope to the east. East of the fluvial deposits
from the Twin rivers, the drift cell has an overall decrease in sediment
grain size, from boulders and cobbles at the origin to pebbles with sand
at the terminus; in addition to the relative fining of sediment eastward
within each high-tide beach in the cell. Occasionally, a drift log was
observed with sediment accumulation on the west side and erosion on the
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east side, supporting the case for easterly net shore-drift.
The Lyre River delta, in response to the prevailing and predominant
waves approaching from the west, has formed an asymmetric seaward
projection that ,in plan, is elongated to the east with its greatest point
of northerly projection being at the west end of the delta near the
present river mouth. Indicators show the wave-dominated character of the
delta and disclose that relatively small amounts of sediment are brought
to this portion of the drift cell, as the delta lacks a significant
accumulation of material on its updrift side. The eastward elongation of
the foreland signifies the preferrential deposition of material east of
the river, vhile a nearshore bar extending eastward about 200 meters fron
the river mouth depicts the easterly net transport of sediment
(Greenwood,1982). Old river channels were found east of the present
channel, in the foreland developed by the preferrential deltaic
deposition, and appear to be younger toward the west; as indicated by an
increase in channel-form definition and a decrease in vegetative
colonization of the channels to the west.
This drift cell terminates in a large accumulating beach ccanposed of
pebbles with some sand along the west side of a 15 m-high coastal outcrop
of Tertiary cobble and pebble conglomerate, in the area known as Agate
Bay.
The headland that separates Agate Bay fron Crescent Bay is composed
of cobble and pebble conglomerate of the Twin River Group, overlying
basalt breccia of the Crescent Formation, and extends into deep water
preventing shore drift around this coastal outcrop.
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Drift Cell 12 With its origin along the east side of a 15 meter high
Tertiary basalt-breccia cliff at the west end of Crescent Bay and its
terminus at a 10 m-high basalt cliff at Tongue Point, this cell is
contained vholly within Crescent Bay and displays an easterly net shore- 
drift.
Whole-cell and site-specific indicators of the net shore-drift are as
follows: cliff morphology changes from an erosive nature to a protected
nature to the east; the ratio of coarse-to-fine sediment decreases from
about 40% pebbles at the origin to 10% at the terminus; beach slope and
width increase with berm and backshore development toward the east; and
the 200 meter diversion of the Salt Creek mouth by an eastward prograding
spit.
The cell terminates on the southwest side of Tongue Point in an
accretionary low-tide beach composed of fine-grained sediment. A small,
well-vegetated island of basalt has become incorporated within the low- 
tide beach (also the distal portion of the Salt Creek delta) at the
terminus of this drift cell.
Basalt of the Tertiary Crescent Formation extends into deep water
between Tongue Point and Observatory Point, thereby obstructing shore
drift within this 5.5 km-long coastal stretch.
Drift Cell 13 This cell originates along the southwest side of a 60 m- 
high basalt cliff at Observatory Point, and terminates at the distal end
of an eastward building spit at the mouth of the east distributary of the
Elvha River. Sediment is supplied to the cell by the Elvha River and the
eroding 35 m-high bluff of semi-consolidated glacial till. The glacial
bluff backs the shore in the westerly 4 km of the drift cell (excepting
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the westernmost 50 meters of the cell v^ere the basalt crops out) and
displays its resistant nature with the presence of a wave-cut notch at the
base. A wave-cut platform fronts the glacial bluff in the western half of
the cell and is mantled with boulder and cobble lag deposits.
Because of the changing coastline orientation, the net shore-drift
is southeasterly in the western portion of this cell and northeasterly
through the eastern portion, producing an overall easterly net shore- 
drift.
An increase in beach width, slope, and berm development, combined
with the eastward spit growth, geomorphically indicate the easterly
transport direction. The dimunition in sediment grain size, originating
with boulders and cobbles and terminating with sand and pebbles, coupled
with the imbrication of cobbles along the upper foreshore,
sedimentologically indicate the net eastward direction of shore drift.
This cell terminates in a prograding 500 m-long spit that has caused
the eastward diversion of the east distributary of the Elv^ River.
Drift Cell 14 This cell measures just less than 400 meters and is the
shortest drift cell in the study area. Originating in a zone of drift
divergence along an eroding beach berm, this cell terminates at the distal
end of a small spit projecting southwestward in the wave shadow of the
larger outer spit at the terminus of drift cell 13. The outer spit causes
the predominant waves approaching from the west to refract around its tip
and, thereby, transport the sediment in cell 14 to the southwest. The
discharge of the Elv^a River east distributary is sufficient to prevent
the outer spit from adjoining the mainland, but not significant enough to
preclude the progradation of the inner spit.
Four beach ridges on the inner spit depict the southwesterly net
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shore-drift by showing an increase in ridge form, with a decrease in
vegetative colonization, to the southwest. Another indicator of the
southwest transport direction is the obstruction of sediment drift by logs
displaying accumulation on the northeast side.
This cell terminates at the distal end of the small 100 m-long spit,
v^ich is composed of coarse-to-medium sand.
Drift Cell 15 This drift cell originates along an eroding beach berm
at Angeles Point and terminates within Port Angeles Harbor along the south
side of Ediz Hook. Because of the changing orientation of the coastline,
net shore-drift is to the southeast along the east side of Angeles Point;
to the east-northeast along the 25 m-high glacial bluffs about 3 km east
of the Elv^a River; easterly along the north side of Ediz Hook; and, to
the west along the south side of Ediz Hook.
Drift obstiruction by obstacles stabilized into the foreshore is the
site-specific indicator of net shore-drift found most often within this
cell. Drift logs, large boulders, or man-made objects (e.g. piers, log
booms, bulkheads, jetties) can be found throughout the cell. Logs and
boulders in the central portion of the drift cell show accumulation of
material on the west side with erosion on the east side. The man-made
objects, found on the south side of Ediz Hook, have sediment accumulation
on the east side with erosion occiorring on the west side. Imbrication of
coarse sediment near the origin further depicts the net shore-drift
direction by dipping to the northwest. In addition, the eastward
progradation of Ediz Hook displays the predominant easterly transport
direction.
The wave shadow fron the predominant westerly waves, created by the
eastward extension of Ediz Hook, is responsible for the westerly net
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shore-drift along the south side of the spit. Waves refracting around the
tip bring the sediment to the south side of the spit (Schwartz,1976),
then, the waves approaching fron the east move the sediment westerly
within Port Angeles Harbor.
The drift cell terminus is along the south side of Ediz Hook at the
east side of a small jetty near the U.S. Coast Guard station. West of the
jetty, the myriad of piers, log booms, and bulkheads have attained a
sufficient number to effectively dissipate the wave energy along the
remainder of the southwestern shore of Ediz Hook.
The approximately 4.5 km of coast in Port Angeles Harbor between
cells 15 and 16 has no appreciable net shore-drift as the coastline has
been modified for conmercial and industrial purposes v^ich obstructs the
drift of sediment.
Drift Cell 16 Beginning from a zone of drift divergence along a 30
meter high bluff of glacial sand and gravel, this cell extends for nearly
1 km and has a northwesterly net shore-drift. This cell has a reversed
direction of net transport from the expected eastward direction because it
is in the wave shadow of Ediz Hook.
The dimunition of mean sediment grain size to the northwest, starting
with pebbles, granules, and sand and ending with sand and some granules,
is a v^ole-cell indicator of the net shore-drift in this coastal sector.
Accumulation of material on the southeast side of logs, and an increase in
beach width to the northwest, also display the primary direction of
sediment transport.
Drift cell 16 terminates in a small accumulating beach along the
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southeast side of an industrial coirplex about 4 km west of Morse Creek.
Drift Cell 17 Originating from a zone of drift divergence located 3 km
west of Morse Creek, along a bluff of glacial sand and gravel
approximately 30 meters in height, sediment drifting toward the teirminus
of this cell has a sinuous path. The drifting sediment must follow a
shoreline, which faces toward every compass direction, before terminating
its transport at the distal end of a small tertiary spit that is growing
northward in Dungeness Bay toward the primary arm of the Dungeness Spit
cotrplex.
In the western 10 km of cell 17, the net shore-drift is principally
eastward; following around the mouth of Morse Creek and Green Point, v^ile
fronting, in most places, a 30 m-high bluff of glacial sand, till and
glaciomarine drift. Approximately 3 km east of Green Point, the net shore- 
drift is northeasterly and the 30 m-high glacial bluff consists of till
overlain by recessional outwash sand and gravel. This northeasterly drift
trend continues for nearly 13 km to the tip of Dungeness Spit (the primary
arm of the spit conplex). From this point, wave refraction around the end
of the spit introduces sediment into IDungeness Bay and the rest of the
drift cell; vdiile waves approaching from easterly directions affect the
transport of this sediment in the bay formed by the eastward extension of
Dungeness Spit.
On the bay-side of the distal end of Dungeness Spit, the sediment
drift follows the shore southwesterly for about 2.5 km, to a point v^ere
the secondary arm of the spit complex (kncwn as Graveyard Spit) extends
southward toward the west side of the Dungeness River delta. The final 2
km of drift cell 17 are along the west side of Graveyard Spit, vdiere
westerly waves, generated within the inner bay, transport the material
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northward to the end of the tertiary spit at the cell terminus.
Dungeness Spit's primary source of sediment is the eroding glacial
bluffs in the western portion of the drift cell. Sediment drifting around
the tip of Dungeness Spit is the source of the southward recurvature of
the spit coTtplex, and, similarly, material transported around Graveyard
Spit is the source for the tertiary spit at the terminus.
The net shore-drift direction is indicated by a decrease in the ratio
of coarse-to-fine sediment toward the terminus, originating with about 90%
gravel and temninating with about 70% medium sand or smaller. Then too,
the degree of sediment grain roundness increases from the base of
Dungeness Spit to the end of the tertiary spit (personal communication,
M.L. Schwartz), further indicating the direction of sediment drift. In
places, most notably along the Juan De Fuca side of Dungeness Spit, drift
logs have up to 25 cm of sediment accumulation on the west or southwest
side (depending on vmether the logs are present at the distal or proximal
portion of the spit, respectively). Closer to the cell origin, the mouth
of Morse Creek has been diverted nearly 200 meters to the east; a
dilapiaated cement pipeline has been broken by wave action, with segments
of the pipe carried to the east; and, there are sandy beaches along the
west side of the Morse Creek seaward projection and Green Point, with each
beach having an increase in width, slope, and berm development to the
east.
The terminus of the drift cell is at the tip of a prograding spit,
along the west side of Graveyard Spit, that projects northward toward
Dungeness Spit. A series of beach ridges, that are less vegetated and
sharper crested to the north, display the northward growth of the small
spit.
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Drift Cell 18 The origin is in a mixed grave1-and-sand beach along the
bay—side of EXingeness Spit and northeast of the base of the spit. The net
shore-drift is to the northeast within much of the cell, but is to the
southeast through the terminal 400 meters of the drift cell. Sediment in
this cell is transported by waves generated within the bay by westerly
winds.
The net transport direction is indicated by the cobbles and pebbles
at the origin grading to medium and fine sand at the terminus, along with
the increasing roundness of the beach particles to the northeast. In
addition, a small lagoon has recently been enclosed by an eastward growing
spit at the terminus (as discerned from aerial photographs and topographic
maps).
The cell terminus is characterized by an accumulating sandy beach
fronting a small lagoon, into v^ich scores of logs drifted before the
completion of the lagoonal enclosure and have subsequently become
entrapped.
Drift Cell 19 This drift cell begins along a 10 m-high glacial bluff
composed of sand and gravel, till, and a compact pebbly-clay located
nearly 800 meters east of the base of Dungeness Spit within Dungeness Bay.
There are two directions of net shore-drift over the 2 km length of
this cell because of the sharp change in coastline orientation that occurs
at the base of Cline Spit. The approximate western half of the cell has an
eastward shore drift direction, vAiereas the eastern half has a northward
transport direction.
The easterly direction of shore drift is indicated by an increase in
the vegetative colonization of the bluff to the east, and by the northward
progradation of Cline Spit. Additionally, the sediment becomes finer to
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t±ie east and north, starting with a mixed cobble-and-pebble beach at the
origin and ending with a sand-and-pebble beach at the terminus. A boat
ramp along the west side of Cline Spit has caused deposition to occur on
the south side of the rairp, with erosion on the north side.
The terminus is at a zone of drift convergence that culminates at the
tip of the northerly prograding, cuspate, Cline Spit. This spit is
characterized by a sandy beach with a sparsely vegetated, but well- 
developed, berm. (The map acconpanying this document, and other regional
maps of the area, does not show the truncation of Cline Spit caused during
a storm that recently assaulted the Juan De Fuca region.)
Drift Cell 20 This cell originates at a broad zone of drift divergence
centered about Kulakala Point and terminates in a convergence zone at
Cline Spit.
At times, the zone of drift divergence is over 4 km long; as
evidenced by an eroding glacial bluff 2 km south of Kulakala Point, and an
eroding berm and upper foreshore about 2 km north of Kulakala Point. The
shore at Kulakala Point is backed by a broad swampy region, but shows no
evidence of an immediate source of sediment. Therefore, the sediment near
Kulakala Point is derived mainly from the two aforementioned sources 2 km
from the point and is transported through the divergence zone seasonally.
That is, sediment is brought into the area from the eroding bluff to the
south v^ien the southeasterly waves prevail; and conversely, v»iien the
Kulakala Point area is dominated by waves that approach fran the north-to- 
northeast directions, sediment is transported into Drift Cell 20, fron the
eroding shoreface to the north of the point, by the waves entering
Dungeness Bay.
The net shore-drift of this cell is northwesterly near the origin; to
53
the west beginning about 1 km east of the EXangeness River; and, northward
from the base of Cline Spit to the cell terminus. This cell has a reversed
net shore-drift direction from the more common direction found within the
Strait because it is in the wave shadow of Dungeness Spit. Therefore,
waves that approach fran the east are the waves responsible for the
sediment transport in this cell.
The sediment ratio of coarse-to-fine grains decreases gradually from
approximately 50% pebbles, 30% granules, and 20% sand at Kulakala Point to
60% sand, 30% granules, and 10% pebbles at the distal end of Cline Spit.
The westerly diversion of the Dungeness River mouth at both
distributaries, and the progradation of the river delta westward, evidence
the domination of this portion of the coastal sector by waves approaching
from the east. The northward growth of the cuspate Cline Spit at the
convergence zone further details the net shore-drift direction there. In
addition, a bulkhead showing sediment deposition on the southeast side
depicts the northeasterly transport direction 2 km southeast of the
Dungeness River mouth. Also, a boat raitpi about 400 meters east of the east
distributary of the Dungeness River has material accumulating on the
southeast side with erosion occurring on the northwest side.
The terminus is in a zone of drift convergence at the tip of Cline
Spit and is characterized by an accreting sandy beach backed by a
vegetated, developing beach berm.
Drift Cell 21 Originating from a broad divergence zone centered about
Kulakala Point and terminating at the distal end of Gibson Spit, the
sediment in this 4.5 km-long cell is transported by waves approaching from
the north-to-northeast. Thus, cell 21 has a southeasterly net shore-drift.
The eroding, 15 m-high, glacial sand and silt bluff of the Port
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Williams area changes to a protected, well-vegetated nature to the
southeast near the base of Gibson Spit. This whole-cell indicator of shore
cjjcift, supplemented by the southeasterly growth of Gibson Spit, supports
the case for the southeasterly transport direction. Grain size dimunition
occurs to the southeast; with mostly cobbles and pebbles in the Port
Williams area and sand with some pebbles at the end of the spit. In a few
locations, drift logs were found that displayed sediment accumulation on
the northwest side with erosion occurring on the southeast side. A
foreshore offset, caused by deposition of material on the northwest side
of a boat ramp in the Port Williams area, with erosion on the southeast
side, also indicates the primary southeasterly shore drift direction. This
cell terminates in an accreting sandy beach at the distal end of the
southward-prograding Gibson Spit.
Sequim Bay is a shallow embayment that is protected from the
predominant wind-generated waves that affect most of the Strait of Juan de
Fuca by two spits that, together, nearly form a baymouth bar. Travis Spit
almost occludes the entire bay mouth with its westward projection from the
northeast comer of the bay; and, with the southward extension of Gibson
Spit culminating northwest of the Travis Spit terminus, has caused the bay
inlet to become sinuous in plan. Therefore, sediment witliin Sequim Bay is
transported prevalenty by waves generated within the bay itself.
Winds from the north and the south have an effect on the embayment
(Ecker et al, 1979), but the strongest and most frequent are from the
northwest, followed in predominance by southeasterly winds. Waves
approaching from the southeast predominate over the northern one—third of
Sequim Bay, in the wave snadow of Travis Spit, and move sediment to the
north. The waves generated by the northerly winds affect a southerly
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transport of sediment over the southern two-thirds of the bay, v^ere the
wave shadow created by the extension of Travis Spit is no longer
effective. Two divergence zones within the bay depict this change in
predominant fetch; on the west side 800 meters south of Pitship Point, and
along the eastern shore 1.2 km north of Hardwick Point. At the head of
Sequim Bay there is an intertidal flat were no appreciable net shore-drift
exists.
Drift Cell 22 Beginning on the north side of the John Wayne Marina at
Pitship Point, the sediment from the eroding 6 meter high bluff of glacial
till is transported predominantly to the north for nearly 2 kilometers.
The beach slope and width increase, v^ile the bluff slope decreases, to
the north. Grain size also diminishes to the north with small cobbles,
pebbles and sand at the origin, grading to sand and granules at the
terminus. Another geomorphic indicator of the northerly net shore-drift
is the drift obstruction by a boat ramp, causing accumulation on the south
side.
Drift Cell 22 terminates in a northerly prograding spit approximately
150 meters long, a further indication of northerly net shore-drift. The
spit extends into a lagoon that has formed on the west side of Gibson Spit
and just northwest of the Sequim Bay mouth.
Drift Cell 23 Starting from a broad divergence zone at an eroding 3-
meter-high bluff of glacial drift and 800 meters south of Pitship Point,
this drift cell has a northward net shore-drift and is a result of the
creation of the John Wayne Marina at Pitship Point.
Completion of the coastline modification caused the destruction
of a divergence zone, once centered about Pitship Point. The artificial
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fill for th6 marina encloses about 100 meters of coastline v^ich consisted
of eroding glacial bluffs that fed the spit at the terminus of Drift Cell
22, prior to the modification. The eastward extension of the marina
breakwater has altered the wave environment locally by changing the
dominant fetch direction and diminishing the energy of most the waves that
affect this cell. This recently-generated drift cell terminates at the
south wall of the marina breakwater, in an accumulating beach that
includes the north side of the delta of a small creek.
Because this drift cell is in a low energy environment, and the
coastline modification had not begian until the early 1980's, the
geomorphic indicators of shore drift are subdued and/or in a state of
adjusting to the changed wave environment. Indicating the northerly net
shore-drift are: bluff erosion at the south end of the drift cell with
accumulation at the north end; and, the general northward decrease in
grain size, from small cobbles, pebbles and sand at the origin to sand
with pebbles at the terminus.
Drift Cell 24 This drift cell is nearly 4 kilometers long and
originates from the divergence zone common to drift cell 23. The 3-meter- 
high eroding bluff of glacial drift found at the origin is the primary
source of sediment for this cell, consisting of a compact, pebbley clay.
The small bluff is exposed almost continually from the origin to
Schoolhouse Point, but changes to a sand and gravel till conposition about
one kilometer south of the origin.
The southeasterly decrease in sediment grain size (starting with
cobbles, pebbles, and sand; ending with mud, sand and pebbles),
corrplemented by drift accumulation on the northwest side of a boat ramp,
show the southeasterly net shore-drift of this cell. The terminus of the
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drift cell is in an intertidal flat along the west side of the bay head
about 200 meters south of Schoolhouse Point.
Drift Cell 25 The origin of this cell is in a divergence zone along an
eroding, nearly vertical, 25 m—high bluff of Vashon Till located 1.4 km
north of Hardwick Point. The predominant northwesterly winds begin to
affect the southeasterly transport of sediment at this point as the wave
shadow, caused by the westward projection of Travis Spit, is not
effective south of the divergence zone.
Two small, southward-prograding, asymmetric capes (one at Hardwick
Point, the other 1 km south of Hardwick Point) and the southward building
spit at the terminus, display the southerly net shore-drift of the coastal
sector. Sediment has accumulated on the north side of some drift logs, and
the mean grain size diminishes downdrift (gravel at the north end of the
cell to sand and mud at the terminus), further depicting the southerly net
transport direction. The terminus of cell 25 is at the distal end of the
southerly prograding spit, that projects into the intertidal flat along
the east side of the Sequim Bay head.
Drift Cell 26 From the divergence zone located 1.4 km north of
Hardwick Point, along the 25 m-high Vashon Till bluff shared by cell 25,
the sediment in this drift cell is transported in a northwest direction.
The cell is in the wave shadow of Travis Spit, >hich allows the
southeasterly generated wind-waves to predominate over this coastal
segment. Sediment accumulation on the southeast side of drift logs and the
northward growth of a small spit are the geomorphic indicators of
northwesterly net shore-drift in this cell. The change in grain size, from
cobbles,pebbles and sand near the origin to sand and pebbles at the distal
end of the spit, is a sedimentologic indicator of the net shore-drift
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within this drift cell. The terminus is at the distal end of the
northward-prograding spit, v^ich lies about 5 meters short of forming a
baymouth bar across a small cove in the northeast corner of Sequim Bay.
Drift Cell 27 Originating along a 12 m-high bluff of Vashon Till along
the nortli side of Paradise Cove, this short drift cell terminates in a
convergence zone along the south side of Travis Spit, over 1 km west of
the cell origin. This cell lies in the wave shadow of Travis Spit and is
affected primarily by waves approaching from the southeast.
Sediment transported within this cell shows a change in mean grain
size to the west, beginning with pebbles and sand and decreasing mainly to
coarse-to-fine sand. In addition, interruption of shore drift by logs
stabilized nearly normal to the foreshore indicates the westerly net
transport direction, by having sediment accumulation on the east side and
erosion on the west side.
This cell terminates in a zone of drift convergence that has resulted
in the formation of a very small cuspate feature projecting south from the
Travis Spit tip.
Drift Cell 28 The origin of this cell is a zone of drift divergence
along a 60 m-high bluff of Vashon Till centered about Rocky Point. The net
shore-drift is to the southwest and terminates in a convergence zone along
the south side of the tip of Travis Spit.
The mean sediment grain size diminishes southwesterly, fran boulders
and cobbles at the origin to mostly sand with some pebbles at the
terminus. More indicators of the southwesterly net shore-drift are:
deposition of material on the northeast side of drift logs; a decrease in
bluff slope to the southwest; and, the growth of Travis Spit to the
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southwest, with a series of relict beach ridges at the distal end of the
spit that display the progression of this growth.
This coastal sector shows a reversed direction of sediment drift from
the more common eastward drift direction found within the study area. This
is because Travis Spit, and the northern portion of the Miller Peninsula
shore, are in the wave shadow of the upland to the west (located south of
Dungeness Spit). As a result of this large northward projection, the
dominant fetch direction has been altered so that waves generated by winds
from the north through east directions are the waves that predominate
within this drift cell.
The cell terminates along the south side of the distal end of Travis
Spit in a zone of drift convergence that has produced a small, sandy,
cuspate feature.
Drift Cell 29 With its origin in a zone of drift divergence along a 60
m-high bluff of Vashon Till, this cell extends 2.2 km to its terminus at
Thonpson Spit.
Originating with boulders and cobbles, the sediment size decreases
easterly to sand with pebbles at the terminus. Beach width and slope
increase, and bluff declivity diminishes, to the east. A further indicator
of the easterly net shore-drift is the obstruction of sediment transport
by logs and fallen trees, displaying accumulation on the west side of the
obstacles. The cell terminus is characterized by a prograding convergence
zone at a cuspate spit, with a we11-developed berm backed by a small
lagoon.
Drift Cell 30 This 400 m-long drift cell begins at a divergence zone
fronting a 60 m-high bluff of Vashon Till and ends in a convergence zone
at Thompson Spit.
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Indicators of the westerly net shore-drift are as follows: a decrease
in bluff slope with an increase in bluff vegetation to the west; an
increase in beach width and slope, culminating with a well-developed berm,
to the west; the gradual westerly reduction in mean sediment grain size,
with cobbles and pebbles at the origin grading to sand with pebbles and
granules at the terminus; and, the presence of some drift logs with
deposition occurring on the east side.
This cell shows a reversal frcxn the expected eastward net shore-drift
because the coastline orientation produces a wave shadow from the
predominant westerly-generated waves. As the spit in cell 29 began to
extend northeastward, its effect on the approaching waves, conbined with
those of the small change in the coastline orientation already existing to
the east of the spit, caused the wave regime to become altered in such a
way that the waves refracting around the end of the spit, and the waves
approaching from the east-to-northeast, caused the generation of a smaller
spit, vhich projected northwesterly into the wave shadow of the larger
spit. As the individual spit-building processes continued, the distal ends
of the spits became enjoined, thereby enclosing a lagoon and creating the
present-day cuspate spit.
The terminus of cell 30 is characterized by this cuspate spit, with
a we11-developed berm backed by a small lagoon, fronting a well-vegetated
60 m-high bluff of Vashon Till.
Drift Cell 31 This cell originates at a zone of drift divergence
fronting a 60 m-high bluff of Vashon Till and terminates in a zone of
convergent drift at Diamond Point. The easterly net shore-drift is
geomorphically indicated by a decrease in bluff slope, in combination with
an increase in beach width, slope and berm development, to the east. Also,
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sediment has become trapped along the west side of obstacles (i.e. drift
logs, bulkheads, a boat ramp) with erosion occurring on the east side. The
easterly transport direction is sedimentologically indicated by the
diminishing grain size, from cobbles and boulders at the origin to
primarily sand with pebbles at the terminus.
This drift cell terminates in a convergence zone similar to that
found in drift cells 29 and 30; vdiere two spits, created by opposing but
non-destructing wave regimes, have become joined at the tips and
subsequently enclose a lagoon, fronting a broad, low-lying backshore.
Drift Cell 32 Beginning in a broad divergence zone near the Clallam
County boundary along the east side of the Miller Peninsula (the west
shore of Port Discovery) and fronting a 70 m-high Vashon Till bluff, this
cell terminates in the zone of convergence common with cell 31 at Diamond
Point.
The geomorphic and sedimentologic indicators of the northerly net
shore-drift are: the glacial bluff changes from a bare, eroded nature to a
protected, vegetated nature to the north; beach width, slope, and berm
development increase to the north; a northerly decrease in sediment grain
size, starting with cobbles and pebbles and ending with sand and some
pebbles; and, the interruption of shore drift by bulkheads and a boat
ramp, with accumulation of material on the south side of the obstacles.
The terminus of cell 32 is in a zone of converging drift directions
created by two wave regimes (from the west and from the south-southeast)
and is characterized by an accreting sandy beach backed by a lagoon that
is fronting a broad, low-lying backshore.
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SUMMARY
The crenulated natijre of the north coast of Clallam County,
Washington, has caused the shore drift to become segmented into drift
cells. In this study I have delineated the boundaries, geomorphic
character, and drift direction of these cells, and identified the coastal
areas vhere there is no appreciable net shore-drift (NANSD).
The north Clallam County coastline trends generally east-west,
leaving the coast susceptible to two primary directions of shore drift:
eastward and westward. Of the nearly 210 kilometers of coastline studied
in this area, approximately 64% (134 km) show the predominant eastward
conponent of net shore-drift within the Strait of Juan De Fuca. Just over
12% (26 km) of the coast has a westward component of net shore-drift
iDecause the areas are in the wave shadow of headlands or spits, or are
vhere the coastline has changed significantly from tlie general trend.
Nearly 24% (50 )cn) of the study area is classified as NANSD because shore
drift processes are inoperative, as the wave energy is too low, deep water
is offshore, or the coastline has been artificially modified.
In this study I have outlined the shore drift processes at work along
the Strait of Juan De Fuca, Clallam County coast, and stated how they are
manifested in terms of geomorphic forms and sedimentologic features that
indicate the direction of net shore-drift throughout the whole cell or
specifically at a site. These forms and features are dynamic and sometimes
easily influenced by subtle changes in wind direction, wind duration, wind
velocity, greatest fetch direction, bathymetry, coastline orientation, or
human activities.
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